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(57) ABSTRACT

The invention relates to a fuel injector comprising an actuator
module 2 arranged in a holding body 1, wherein the holding
body 1 is braced by means of a tension nut 13 to a nozzle body
12 by means of at least one interposed intermediate body
designed as a throttle plate 11, wherein the throttle plate 11 is
penetrated by at least one high pressure channel 16, an inflow
channel 18 having an inflow throttle, and an outflow channel
19 having an outflow throttle, and wherein a valve actuated by
the actuator module 2, said valve having at least one valve pin
4 and a sealing sleeve 5, is arranged between the actuator
module 2 and the throttle plate 11, forming a leakage chamber
21 facing the throttle plate 11. According to the invention, a
fuel injector is provided, wherein the leakage discharge out of
the leakage chamber 21 is ensured without impairing the
tightness of the fuel injector in the areas adjacent to the
throttle plate 11. This is achieved in that a horizontal leakage
outlet channel 20, which extends from the cylindrical outer
circumference of the throttle plate 11 to a region underneath
the leakage chamber 21 and is hydraulically connected to the
leakage chamber 21 by way of a leakage channel 22, is
recessed in the throttle plate 11.

6 Claims, 3 Drawing Sheets
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1
FUEL INJECTOR FOR AN INTERNAL
COMBUSTION ENGINE

BACKGROUND OF THE INVENTION

The invention relates to a fuel injector having an actuator
module arranged in a holding body, wherein the holding body
is clamped by means of a clamping nut to a nozzle body with
at least one interposed intermediate body designed as a
restrictor plate, wherein the restrictor plate is penetrated by at
least one high pressure channel, by an inflow channel having
an inflow restrictor and by an outflow channel having an
outtlow restrictor, and wherein a valve actuated by the actua-
tor module, said valve having at least one valve pin and a
sealing sleeve, is arranged between the actuator module and
the restrictor plate, so as to form a leakage space facing the
restrictor plate.

A fuel injector of this kind is known from DE 10 2007 040
115 A1l. The construction of this fuel injector is as described
above, wherein the permanent leakage quantity of fuel gen-
erated between the centering pin and the sealing sleeve is
accommodated in the leakage space. This permanent leakage
quantity is discharged from the leakage space into a low
pressure system or return system via an outflow line. In this
fuel injector, the outflow line is machined into the restrictor
plate, into the sealing surface between the restrictor plate and
the holding body accommodating the actuator module and the
valve.

EP 1 288 486 A2 has disclosed another fuel injector, in
which the intermediate body is designed as a high pressure
body. At least one annular leakage channel is machined into
this high pressure body, said channel surrounding the passage
of the high pressure channel through the high pressure body.
This annular leakage channel is arranged in such a way that,
allowing for the resulting surface pressures, reliable sealing
of the mutually adjacent components is obtained.

SUMMARY OF THE INVENTION

It is the underlying object of the invention to provide a fuel
injector in which discharge of the leakage from the leakage
space is ensured without impairing the leaktightness of the
fuel injector in the adjacent regions to the restrictor plate.

This objectis achieved by virtue of the fact that a horizontal
leakage outflow channel, which extends from the cylindrical
outer circumference of the restrictor plate to a region under-
neath the leakage space and is hydraulically connected to the
leakage space by way of a leakage channel, is let into the
restrictor plate.

Introducing the leakage outflow channel into the restrictor
plate significantly improves the leaktightness of the fuel
injector in the adjacent regions to the restrictor plate, as com-
pared with known solutions. In a very general embodiment,
the leakage channel is preferably arranged vertically directly
below the leakage space and the fuel to be discharged is
discharged in a suitable manner from the mouth of the leakage
outtflow channel to the cylindrical outer circumference of the
restrictor plate.

In a further embodiment of the invention, a leakage dis-
charge channel, which is hydraulically connected to the leak-
age outtlow channel, is let into the restrictor plate, said dis-
charge channel being arranged adjacent to the outer
circumference of said restrictor plate. This leakage discharge
channel is likewise arranged vertically and, in a further
embodiment, opens into an annular space arranged between
the restrictor plate and a valve body accommodating the
valve. In this arrangement, the annular space can be let into
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the restrictor plate and/or the valve body. The valve body can
be designed as a further separate intermediate body or as part
of'the holding body. From the annular space, the leakage fuel
is discharged into a low pressure system or return system via
an outflow line.

In a further embodiment of the invention, the leakage out-
flow channel is a leakage outflow bore which, in turn, in a
further embodiment, has a diameter of at least approximately
1.2 mm. This embodiment is based on the insight that the
target values for the required surface pressure in the end face
region of the restrictor plate above and below the outflow
channel, which are, for example, one and a half times the
pressure in a rail that supplies the fuel injector with fuel, may
not be reached in certain circumstances. However, penetra-
tion of the pressure under the sealing surface in these opposite
regions must be excluded during operation of the injector.
However, embodiment as a leakage outflow bore with the
small diameter indicated ensures that there is little or no
negative effect on the surface pressure. Moreover, the surface
pressure is applied to the interposed components by means of
the clamping nut screwed to the holding body. In principle, it
would also be conceivable to make the bore with an even
smaller diameter. However, this is not advisable because of
the deburring processes for the leakage channel and the leak-
age discharge channel since then reliable removal of the metal
deburring fragments would not be guaranteed.

In a development of the invention, a sleeve extending
between the leakage channel and the leakage discharge chan-
nel is inserted into the leakage outflow channel or the leakage
outflow bore. This sleeve compensates for the local loss of
rigidity which may occur in the restrictor plate, and further
increases the local surface pressure levels at the correspond-
ing end faces. The extension of the sleeve between the leakage
channel and the leakage discharge channel guarantees that the
entire region to be sealed off has a sufficiently high surface
pressure radially. The sleeve can be manufactured from the
same ferrous material as the restrictor plate but it is also
possible to manufacture the sleeve from a higher-grade fer-
rous material, in particular a stronger ferrous material. After
the deburring processes on the leakage channel and the leak-
age discharge channel, the sleeve is press-fitted into the leak-
age discharge channel.

In a further embodiment of the invention, the sleeve has an
inside diameter of 0.6 mm. This diameter is sufficient to
ensure that there is no restriction of the leakage quantity fed
through.

In a development of the invention, the leakage outflow
channel or leakage outflow bore is arranged on the opposite
side of the restrictor plate from the high pressure channel.
This side is recommended since the restrictor plate is free
from further apertures in this region.

Further advantageous embodiments of the invention can be
found in the description of the drawings, in which an embodi-
ment illustrated in the figures is described in detail.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 shows a cross section of a portion of a fuel injector
for a ommon rail system of a diesel injection system at the
control-valve end,

FIG. 2 shows a perspective view of the restrictor plate,

FIG. 3 shows a side view of the restrictor plate with all the
channels in the restrictor plate and with an outflow bore
without a sleeve inserted, and
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FIG. 4 shows a side view of the restrictor plate with all the
channels in the restrictor plate and with a sleeve inserted into
the outflow bore.

DETAILED DESCRIPTION

FIG. 1 shows a portion of a fuel injector for a common rail
system of a diesel injection system at the control-valve end.
An electrically actuated actuator module 2 is inserted in a
holding body 1, said actuator module being actuated by an
electronic engine control unit in accordance with operator
requirements. The actuator module 2 is preferably a piezoac-
tuator, which is in an inoperative state in the illustration.

By means of an actuating nose 3, the actuator module 2
interacts with a valve pin 4, which is arranged in a sealing
sleeve 5 in such a way that it can be moved longitudinally
against the force of a valve spring 6. The valve pin 4 has a
sealing surface 7 which, when the valve is closed, interacts
sealingly with a seat surface 8 machined into a valve plate 9.
A valve space 10 is formed in the valve plate 9 underneath the
seat surface 8, said valve space partially surrounding the
sealing sleeve 5, which is inserted securely in the valve plate
9, and extending as far as a restrictor-plate end of the valve
plate 9.

Inthe operative state of the actuator module 2, the actuating
nose 3 moves the valve pin 4 in the direction of the restrictor
plate 11 adjoining the valve plate 9 and raises the sealing
surface 7 of the valve pin 4 from the seat surface 8 of the valve
plate 9, and a flow connection is thus formed between the
valve space 10 and a low pressure space, which is formed in
the holding body 1 and which is part of a fuel return system.

Adjoining the restrictor plate 11 is a nozzle body 12, which
is clamped firmly to the holding body 1 by means of a clamp-
ing nut 13, enclosing the restrictor plate 11 and the valve plate
9. A nozzle needle, which is not shown in detail, with only an
end region of a nozzle needle plunger 14 of the nozzle needle
being visible, is guided in the nozzle body 12 in such a way
that it can be moved axially. The nozzle needle plunger 14
delimits a control space 17, which is delimited at the opposite
end from the nozzle needle plunger 14 by the restrictor plate
11. Opening into this control space 17 is an inflow channel 18
(FIG. 2) with an inflow restrictor arranged therein and an
outflow channel 19 (FIG. 2) with an outflow restrictor
arranged therein. The inflow channel 18 is to a high pressure
line 15, via which fuel, in particular diesel fuel, is fed via a
high pressure channel 16 in the restrictor plate 11 to a nozzle
needle pressure space, which will be explained below. The
outtlow channel 19 connects the control space 17 to the valve
space 10, with the result that the fuel pressure prevailing in the
high pressure line 15, e.g. 2000 bar, prevails in the valve space
10, the control space 17 and the nozzle needle pressure space
in the state of rest.

In order to inject fuel into the combustion chamber of the
internal combustion engine which is associated with a fuel
injector, the nozzle needle must be moved from a closed
position to an open position. The fuel then passes from the
nozzle needle pressure space, via injection channels in the
nozzle body, into the combustion chamber. To open the nozzle
needle, the nozzle needle plunger 14 must be moved in the
direction of the restrictor plate 11.

To bring about this movement, the actuator module 2 is
operated. The sealing surface 7 of the valve pin 4 is raised
from the seat surface 8, and the fuel in the valve space 10 can
flow off into the low pressure space, thus reducing the fuel
pressure prevailing in the valve space 10. Fuel also flows off
from the control space 17 through the outflow channel 19,
with the result that a pressure reduction is also brought about
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in the control space 17, triggering the movement of the nozzle
needle plunger 14 in the direction of the restrictor plate 11.

If the actuator module 2 is deenergized again, the sealing
surface 7 is moved back onto the seat surface 8, and the fuel
pressure in the control space 17 and also in the valve space 10
is increased again, by means of the additional fuel flowing
through the inflow channel 18, to a pressure sufficient to move
the nozzle needle plunger 14 and hence the nozzle needle into
the closed position.

In order to discharge the permanent leakage quantity of
fuel generated between the valve pin 4 and the sealing sleeve
5 in a leakage space 21 underneath the valve pin 4, a horizon-
tal leakage outflow channel 20 is machined into the restrictor
plate 11, said channel being connected to the leakage space 21
by a vertical leakage channel 22. The leakage fuel is dis-
charged from the leakage outflow channel 20, via a leakage
discharge channel 23, into an annular space 24a, which is
machined into the valve plate 9 and is connected to the low
pressure system. Another annular space 245 is machined into
the restrictor plate 11 on the opposite side from the annular
space 24a.

FIG. 2 shows a perspective view of the restrictor plate 11
with the leakage outflow channel 20 and the leakage channel
22 and leakage discharge channel 23 opening into it.
Arranged on the opposite side is the high pressure channel 16,
while two pin bores 26a, 265 are arranged approximately at a
right angle to an imaginary connecting line between the leak-
age outflow channel 20 and the high pressure channel 16,
eccentrically with respect to the center of the restrictor plate
11. Fixing pins are inserted into these pin bores 26a, 265, said
fixing pins engaging in corresponding bores in the nozzle
body 12 and, penetrating the valve plate 9 in the process, in
the holding body 1. This ensures that the fuel injector is
mounted securely in position and securely against rotation. In
addition to the inflow channel 18 and the outflow channel 19,
a filling channel 27 with a filling restrictor is furthermore
machined into the restrictor plate 11. All these channels are
designed as bores, wherein the respectively associated
restrictors can be inserted into the bores as separate compo-
nents or, alternatively, can be produced together with the
bores by means of appropriate boring techniques. The
hatched areas above and below the leakage outflow channel
20 represent the regions in which the surface pressure on the
underside of the restrictor plate and on the upper side of the
restrictor plate reaches the predetermined target values by
virtue of the embodiment according to the invention of the
leakage outflow channel 20.

FIG. 3 shows a side view of the restrictor plate 11 with all
the channels/or bores in the restrictor plate 11. In this figure,
the leakage outflow channel 20 is designed without a sleeve
while, in the corresponding FIG. 4, a sleeve 25 is inserted into
the leakage outflow channel 1. The sleeve 25 has an inside
diameter of about 0.6 mm and extends between the leakage
channel 22 and the leakage discharge channel 23.

The invention claimed is:

1. A fuel injector having an actuator module (2) arranged in
a holding body (1), wherein the holding body (1) is clamped
to anozzle body (12) with at least one interposed intermediate
body designed as a restrictor plate (11), wherein the restrictor
plate (11) includes at least one high pressure channel (16) and
an outflow channel (19) having an outflow restrictor, and
wherein a valve actuated by the actuator module (2), said
valve having at least one valve pin (4) and a sealing sleeve (5),
is arranged between the actuator module (2) and the restrictor
plate (11), so as to form a leakage space (21) facing the
restrictor plate (11), characterized in that a horizontal leakage
outflow channel (20), which extends from a cylindrical outer
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circumference of the restrictor plate (11) to a region under-
neath the leakage space (21) and is hydraulically connected to
the leakage space (21) by way of a leakage channel (22), is
provided in the restrictor plate (11), wherein a leakage dis-
charge channel (23), which is hydraulically connected down- 5
stream of the leakage space (21) to the horizontal leakage
outflow channel (20), is provided in the restrictor plate (11),
said leakage discharge channel being arranged adjacent to the
outer circumference of said restrictor plate, and wherein the
leakage discharge channel (23) opens into an annular space 10
(24a) that is machined into a valve plate (9) and connected to

a leakage discharge system.

2. The fuel injector as claimed in claim 1, characterized in
that the horizontal leakage outflow channel (20) is an outflow
bore. 15

3. The fuel injector as claimed in claim 1, characterized in
that the horizontal leakage outflow channel (20) has a diam-
eter of 1.2 mm.

4. The fuel injector as claimed in claim 1, characterized in
that a sleeve (25) extending between the leakage channel (22) 20
and the leakage discharge channel (23) is inserted into the
horizontal leakage outflow channel (20).

5. The fuel injector as claimed in claim 4, characterized in
that the sleeve (25) has an inside diameter of 0.6 mm.

6. The fuel injector as claimed in claim 1, characterized in 25
that the horizontal leakage outflow channel (20) is arranged
on an opposite side of the restrictor plate (11) from the high
pressure channel (16).
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